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One of the applications of nanotechnology is the synthesis of nanopar-
ticles for targeted drug delivery and disease prevention. In the agricultural
sector, nanotechnology holds great promise for improving animal health
and productivity. The article discusses the advantages of «green» synthesis
of selenium nanoparticles functionalized with the flavonoid quercetin and
their potential in the prevention of bone diseases in broilers. Selenium is
an important trace element that plays a crucial role in various physiological
processes, including the regulation of bone metabolism. Its deficiency can
lead to bone diseases such as osteoporosis and osteomalacia. On the other
hand, quercetin, a naturally occurring plant compound, has been shown to
have numerous health benefits, including anti-inflammatory, antioxidant,
and anticancer properties. However, quercetin's bioavailability and stability
are limited, making its therapeutic potential challenging to exploit. To over-
come these limitations, we have developed bionanotechnological strategies
for the synthesis of quercetin conjugates with selenium nanoparticles. This
approach not only improves the stability and bioavailability of quercetin,
but also allows for targeted delivery to specific tissues or cellular pathways.
Functionalization of Selenium nanoparticles with the flavonoid quercetin
promotes the effect of the nanoconjugate on the transcription factors Nrf2
and NF-kB, Wnt, key pathways that regulate the delicate balance of cellular
redox status and responses to stress and inflammation, calcium and phos-
phorus metabolism. In this case, the target is the Wnt signaling pathway,
a complex cascade of processes involved in bone metabolism. It has been
found that the synthesized nanoselenium-quercetin bioconjugates modulate
the Wnt signaling pathway in different ways. Firstly, they reduce the activity
of the protein B-catenin, a key regulator of the Wnt signaling pathway, and
help maintain a balance between bone formation and resorption, thus pre-
venting bone disease. Secondly, these bioconjugates increase the activity of
LRP6, a Wnt receptor protein, which further enhances the effectiveness of
the signaling pathway. Finally, they affect the expression of genes activated
by the Wnt signaling pathway, thus regulating the metabolism of calcium
and phosphorus, important elements for bone health. The potential of these
bionanotechnology strategies is enormous, especially in the agricultural
sector. By preventing bone disease in broilers, disease prevention and poul-
try productivity can be significantly increased. The use of nanotechnology
advances can serve as an environmentally friendly alternative to the use
of antibiotics and other pharmaceuticals, contributing to the overall health
and well-being of animals. Thus, the «green» synthesis of quercetin-func-
tionalized selenium nanoparticles offers a promising solution for targeting
the Wnt signaling pathway, regulating calcium and phosphorus metabolism,
and preventing bone disease in broilers. This bionanotechnology approach
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not only improves the stability and bioavailability of quercetin, but also en-
hances its therapeutic potential. By harnessing the potential of nanotechnol-
ogy in the agricultural sector, we can improve animal health, reduce disease
and increase productivity, ultimately benefiting both animals and humans.

Key words: bionanotechnology, «green» synthesis, Nrf2 factor, NF-
kB, Wnt, B-catenin, Selenium, Calcium, Phosphorus.

“Green” synthesis. Nanotechnology has rev-
olutionised various sectors, including electronics,
energy, biology, medicine, and agriculture. Its
integration with biology, which has led to bion-
anotechnology, has opened up new horizons in
healthcare, diagnostics and drug delivery systems.
Bionanotechnology is used to develop biosynthet-
ic and environmentally friendly technologies for
the synthesis of nanomaterials, with green synthe-
sis and surface modification of nanoparticles be-
ing crucial [15; 23].

Nanoparticles synthesized using plant extracts
or phytocomponents are of great importance in the
development of various therapeutic and diagnostic
agents [1]. "Green synthesis is an environmentally
friendly alternative to traditional synthesis meth-
ods and aims to avoid or minimize toxic compo-
nents used in physicochemical methods and can
successfully compete with them in terms of speed,
controllability, bioconversion and reduction of
the cost of the final product [24]. The production
of nanoparticles using biological material has a
number of advantages: low cost of raw materials,
low toxicity, short production time, safety, ability
to regulate the required volume of products, and
suitability for large-scale production [6].

The need for alternative methods of protecting
organisms, improving the quality of products, and
creating a national economy can be met by nano-
technology [11].

Biotechnology in poultry farming.The poul-
try industry has to solve a number of problems.
A common bone disease in fast-growing poultry
worldwide is tibial dyschondroplasia. Annual
losses in the meat poultry industry from musculo-
skeletal diseases are 2-6%, which reaches 40-60%
of the total number of musculoskeletal diseases.
Chronic mild intestinal inflammation negatively
affects poultry performance and impairs nutrient
absorption. Gut permeability is controlled by the
intestinal microbiota, digestive secretions, phys-
ical barriers and chemicals such as cytokines.
Treatable strategies aimed at regulating the gut
microbiota can control several diseases closely
related to inflammatory and metabolic disorders.
Observations in Europe have shown that the poul-
try industry has faced a number of challenges
following the ban on growth promoter antibiot-
ics, including negative impacts on productivity,

animal welfare and general health issues. Today,
alternatives to antibiotics such as probiotics, pre-
biotics and botanicals are increasingly being used.
Chicken enteritis is a complex intestinal disease
caused by bacteria, viruses, parasites and various
regulatory factors. Certain flavonoids, such as
quercetin, naringin and luteolin, have been found
to relieve intestinal inflammation. The ability of
flavonoids to inhibit the transcription factor NF-
kB is one of the most promising approaches to
explaining the mechanism of anti-inflammatory
action of these plant polyphenols. It is also worth
noting the possible role of isoflavones in the de-
velopment of inflammation of the Keapl/Nrf2/
ARE signalling system, which controls the state of
internal homeostasis by regulating various stages
of cell proliferation, differentiation and apoptosis.
Quercetin is a natural flavonoid that neutraliz-
es free radicals and has antioxidant, antitumour,
and anti-inflammatory effects [2]. Quercetin sup-
presses the expression of TNF-a, IL-1p, IL-6 and
GM-CSF(granulocyte-macrophagecolony-stimu-
latingfactor)in macrophages induced by lipopoly-
saccharides, improves calcium absorption in the
small intestine and increases the activity of the
vitamin D receptor.

The flavonoid quercetin has been shown to
counteract inflammatory processes by activating
the Nrf2/HO-1 signalling pathway and inhibiting
NF-kB signalling, regulating neuronal excitabili-
ty and NMDARSs(N-methyl-D-aspartatereceptors)
trafficking [16]. Quercetin supplementation im-
proved calcium and phosphorus metabolism and
promoted tibia development, preventing foot dis-
ease in broilers through the Wnt signalling path-
way [13]. However, the use of this flavonoid is
limited by its low absorption in the body due to its
poor solubility, permeability, instability and bio-
availability [3].

It has been proven that various strategies and
biomodifiers are used for surface modifications/
functionalization of nanomaterials, including flavo-
noids [8]. In particular, the functionalization of Se-
lenium nanoparticles with quercetin can contribute
to the effect of the nanocomposite on the transcrip-
tion factors Nrf2 and NF-kB, Wnt, key pathways
that regulate the delicate balance of cellular redox
status and responses to stress and inflammation,
calcium and phosphorus metabolism [2; 7; 25].
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The Wnt signalling pathway plays a key role
in embryonic development, cell proliferation and
differentiation, and dysregulation of signal trans-
duction. Wnt can lead to neoplastic transforma-
tion in various organ systems [17]. Wnt ligands
(19 members in mammals) are secreted proteins
that activate various intracellular signal transduc-
tion pathways and regulate tissue growth and re-
newal. Since the identification of the first member
in 1982, the Wnt signalling pathway has attracted
considerable attention of scientists, as it is essen-
tial for embryonic development, adult tissue ho-
meostasis and regeneration, and dysregulation of
Wnt can lead to many pathologies, including tu-
mour-like development [14].

The name Wnt is a hybrid word created from
the names Wingless and Int-1, and is derived from
integrase-1 (Int-1) in mouse breast cancer com-

bined with the Drosophila gene wingless (sup-
presses wing development in flies), as the two
genes are functionally similar [19].

Wingless/integrase-1 belongs to the family
of cysteine-rich glycoprotein growth factors en-
coded by Wnt genes, which are highly conserved
among vertebrate species [12]. Wnt consists of a
canonical and a non-canonical signal transduction
pathway, which can be divided into two branch-
es: Wnt/PCP — the Planar Cell Polarity pathway,
which is responsible for the correct polarization
of cells during tissue formation, and Wnt-cGMP
— the cyclic guanosine monophosphate/Ca?"path-
way [28]. The canonical pathway (Fig. 1), the
most well-known branch, is activated when Wnt
binds to its receptors, which leads to stabiliza-
tion of cytoplasmic B-catenin and activation of
Wnt-regulated genes.

Fig. 1. Thecanonical Wnt/B-cateninpathwayis ON: when a Wnt ligandbindstotheLRP5/6 and
Fz receptors, the scaffolding protein Disheveled (Dvl) recruits Axinl and the kinases CK1 and
GSK38 to the membrane, disrupting the degradation complex and disrupting B-catenin phosphoryla-
tion and degradation. B-catenin accumulates in the cytoplasm and subsequently moves to the nucle-
us, where it acts as an activator of TCF/LEF-mediated transcription of target Wnt genes. The canon-
ical Wnt/B-catenin pathway is OFF (OF): in the absence of Wnt binding to Frizzled (Fz) receptors
and LRP5/6 coreceptors, B-catenin interacts with the degradation complex (CK1, GSK3p, Axinl
and APC), which leads to its phosphorylation by GSK38 and CK1 and its subsequent degradation by
the proteasome. CK1, casein kinase 1; GSK38, glycogen synthase kinase 3f; Axinl, axis inhibition
protein 1; APC, adenomatous polyposis coli; Tcf, T-cell factor; LEF, lymphocyte binding factor;
Rock, Rho-related protein kinase 1 containing helix; RhoA, RAS homologue member of the A gene
family; JNK, Jun N-terminal kinase.
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Whnt/B-catenin signalling is a highly complex
pathway that plays different roles in different cel-
lular processes. Although Wnt ligands typically
transmit signals through their specialised Frizzled
receptors, the decision to use a PB-catenin-depen-
dent or B-catenin-independent signalling pathway
depends on the type of co-receptor used. Classical
Whnt signalling is dependent on B-catenin, whereas
non-classical Wnt signalling, by traditional defini-
tion, is not, although current evidence suggests that
both pathways interact with intertwined networks
involving the use of different ligands, receptors and
co-receptors. B-catenin can be directly phosphory-
lated by several kinases that control their participa-
tion in typical and atypical pathways. In addition,
cofactors associated with B-catenin determine the
outcome of this pathway in terms of genes that in-
duce proliferation or promote differentiation. Thus,
protein phosphorylation controls WNT/B-catenin
signalling, in particular in cancer processes [21; 29].

Glycogen synthase kinase 3B (GSK3p) and
casein kinase 1 (CK1) promote B-catenin phos-
phorylation in the degradation complex, enhanc-
ing its ubiquitination and leading to subsequent
proteasomal degradation.

Regulation of the Wnt signalling pathway.
Calcium and phosphorus play an important role
in the Wnt signalling pathway, in particular in the
Whnt/Ca*'pathway [5; 9; 12].

The Wnt/Ca*"pathway is initiated by Frizzled
receptors, which activate the classical G-pro-
tein-coupled signalling pathway. Frizzled G pro-
tein signalling activates phospholipase C-beta
(PLC-beta), which cleaves phosphatidylinositol
4,5-bisphosphate (PIP2) into 1,2-diacylglycerol
(DAG) and inositol 1,4,5-triphosphate (IP3) [18].
The Wnt/Ca*pathway can counteract the canon-
ical Wnt pathway, but it is unclear whether this
pathway is conserved in mammals and whether
it is involved in tumour formation [9]. Signal-
ling through frizzled-G protein activates the Wnt/
Ca*"pathway, which leads to a short-term increase
in the level of free calcium in the cytoplasm, which
subsequently activates the following effectors.

An analysis of these processes and connec-
tions, which are covered by the Kyoto Encyclo-
pedia of Genes and Genomes (KEGG), indicates
that this pathway is also linked to calcium and
phosphorus metabolism and the flavonoid querce-
tin [10].

Quercetin, a flavonoid found in various fruits
and vegetables, has been shown to regulate cal-
cium and phosphorus metabolism through the
Wnt signalling pathway in broilers [26]. Studies
have shown that flavonoids can affect key regu-
lators of calcium and phosphorus metabolism in
this pathway [2]. In addition, quercetin has been

shown to inhibit angiotensin II-induced vascular
smooth muscle cell proliferation and activation
of the JAK2/STAT3 pathway [4; 27]. The KEGG
pathway assessment showed that quercetin af-
fects various signalling pathways, including the
PI3K-AKT signalling pathway, cytokine recep-
tor-cytokine interaction, JAK-STAT signalling
pathway, MAPK signalling pathway, and cancer
pathways [27].

Interestingly, the Wnt/B-catenin signalling
pathway is also involved in the biosynthesis of
phenylpropanoids/flavonoids, suggesting a po-
tential role for the Wnt signalling pathway in the
regulation of flavonoid biosynthesis, including
quercetin. This highlights the complex interplay
between the Wnt signalling pathway, calcium and
phosphorus metabolism, and quercetin.

The Wnt/Ca*pathway, a branch of the Wnt
signalling pathway, plays a crucial role in this
regulation [10]. This pathway uses G-proteins and
phospholipases to induce a temporary increase in
cytoplasmic calcium levels, subsequently acti-
vating downstream signalling pathways. For ex-
ample, Wnt4 can activate the calcium signalling
pathway via cAMP in maturing B cells, controlling
calcium signalling, metabolism and function. In
broilers, quercetin has been shown to regulate
calcium and phosphorus metabolism through the
Wnt signalling pathway. Although the precise
mechanism remains unclear, it is suggested that
flavonoids such as quercetin affect key regulators
of calcium and phosphorus metabolism in the Wnt
signalling pathway.

Frizzled receptors can trigger both [-caten-
in-dependent and [-catenin-independent signal-
ling, among which the Ca2+ pathway has been
studied in detail. Thus, in the Wnt/Ca?" pathway,
Wnt-Ca?'signalling is mediated through G-pro-
teins and phospholipases and causes a temporary
increase in free calcium in the cytoplasm, which
subsequently activates the following effectors [10].
Accordingly, quercetin is able to affect key regula-
tors of calcium and phosphorus metabolism in the
Whnt signalling pathway, and this effect can be me-
diated through the Wnt/Ca?" pathway (Fig. 2).

Quercetin has been shown to inhibit B-caten-
in-dependent transcriptional activity, which is a
critical step in the activation of the Wnt/B-caten-
in pathway. It also inhibits uPAR((urokinase-type
plasminogen activator receptor)-mediated activa-
tion of this pathway. Studies have shown its effects
on different components of the pathway in differ-
ent types of cancer cells, leading to growth inhi-
bition. When it interacts with B-catenin, querce-
tin blocks the binding between B-catenin and Tcf,
which leads to inhibition of the growth of cancer
cells, such as mouse 4T1 breast cancer cells [19].
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Fig. 2. The B-catenin-independent Wnt/Ca** pathway. In the Wnt/Ca** pathway,
Whnt ligands transmit signals through Frizzled (Fzd) and tyrosine kinase-like orphan recep-
tor 1/2 (ROR1/2) coreceptor receptors to induce Dvl-dependent cleavage of phosphatidyli-
nositol 4,5-bisphosphate by phospholipase C (PLC) (PIP2), producing inositol triphosphate
(IP3) and diacylglycerol (DAG). IP3 acts on Ca*" channels in the endoplasmic reticulum,
leading to a cytosolic Ca?*wave that drives the activity of protein kinase C (PKC) and Ca?"/
calmodulin-dependent protein kinase II (CAMKII). CaN dephosphorylates NFAT, which

leads to its nuclear translocation and expression of NFAT target genes [adapted from 20].

In SW480 colon cancer cells, quercetin was
found to inhibit the transcriptional activity of
B-catenin/Tcf. In addition, it reduces the levels
of B-catenin and the Tcf-4 product in the nucle-
us, which further prevents the activation of the
Wnt/B-catenin pathway [21].

In summary, the Wnt signalling pathway, cal-
cium and phosphorus metabolism, and the flavo-
noid quercetin are closely related. The Wnt signal-
ling pathway regulates calcium and phosphorus
metabolism through the Wnt/Ca*'pathway, and
quercetin has been shown to modulate this path-
way. In addition, quercetin inhibits the nuclear
translocation of B-catenin.

Calcium and phosphorus play an important
role in the Wnt signalling pathway, which is in-
volved in embryonic development, cancer, and
normal physiological processes in adults [29]. The
Whnt signalling pathway is closely related to calci-
um and phosphorus metabolism, and studies have
shown that flavonoids can affect key regulators of
calcium and phosphorus metabolism in the Wnt
signalling pathway. The main DEGs (differential-
ly expressed genes) in the Wnt signalling path-
way that regulate calcium and phosphorus uptake
and metabolism include Wnt-5a, calcium/calm-
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odulin-dependent protein kinase II (CAMK2G,
CAMK2D, CAMK2B), phospholipase C, beta 4
(PLCB4), protein kinase C alpha (PRKCA) and
nuclear factor of activated T cells-1 (NFATC1)
[26]. Calcium and phosphate homeostasis is reg-
ulated by several hormones, including PTH, vita-
min D, FGF23 and calcitonin, and is critical for
proper bone formation and maintenance. Calcium
and phosphorus transport is regulated by PTH and
FGF23 in the kidneys, and by PTH and calcitonin
in bones [22]. The Wnt signalling pathway regu-
lates calcium release from the endoplasmic reticu-
lum (ER) to control intracellular calcium levels. In
general, calcium and phosphorus play a role in the
Wnt signalling pathway by regulating the metab-
olism and absorption of calcium and phosphorus,
which are critical for proper bone formation and
maintenance.

Wnat proteins are secreted morphogens that are
essential for basic developmental processes, such
as cell specification, proliferation of progenitor
cells and control of asymmetric cell division, in
many different species and organs. There are at
least three distinct Wnt pathways: the canonical
pathway, the planar cell polarity (PCP) pathway,
and the Wnt/Ca’'pathway. In the canonical Wnt
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pathway, the main effect of Wnt ligand binding to
the receptor is to stabilize cytoplasmic B-catenin
by inhibiting the B-catenin degradation complex.
After that, B-catenin can freely enter the nucle-
us and activate Wnt-regulated genes through in-
teraction with Tcf (T-cell factor) transcription
factors and the concomitant recruitment of co-
activators. Planar cell polarity (PCP) signalling
leads to the activation of small GTPases RHOA
(RAS homologue gene-family member A) and
RACI1, which activate the stress kinases JNK (Jun
N-terminal kinase) and ROCK (RHO-associated
coiled-coil-containing protein kinase 1), result-
ing in cytoskeletal remodelling, changes in cell
adhesion and motility. WNT-Ca2+ signalling is
mediated through G proteins and phospholipases
and leads to a temporary increase in the level of
free calcium in the cytoplasm, which subsequently
activates the kinases PKC (protein kinase C) and
CAMKII (calcium-calmodulin-mediated kinase
II), as well as the phosphatase calcineurin [10].
Conclusions. At present, it is important to
solve the problem of increasing the effectiveness
of natural phytonutrients, in particular the flavo-
noid quercetin, by conjugating it with nanopar-
ticles. The chemical reactivity of flavonoids
depends on their radical scavenging properties,
which can reduce oxidative stress in cells. At the
same time, certain flavonoids have strong anti-in-
flammatory capacity, which, together with its an-
tioxidant activity, creates excellent opportunities,
such as chemoprevention of oxidative stress and
reduction of inflammation accompanying many
pathologies. However, these compounds have
low water solubility, chemical instability, rapid
metabolism and poor bioavailability, which com-
promises their therapeutic efficacy. Therefore,
new approaches are needed to take advantage of
the beneficial effects of phytonutrients while ex-
panding their potential use in the prevention of a
number of disorders. In this context, nanoparticles
are particularly interesting when used to deliver
phytocomposites and enhance their bioavailabil-
ity. In addition, the ability to be functionalized
with specific ligands that target specific organs or
cells is also very important, as it is possible to in-
crease the concentration of the phytoconjugate at
the desired target site while reducing side effects.
Thus, the beneficial effects of phytonutrients can
be further enhanced by nanotechnology, which
will help improve the current use of these com-
pounds with such great preventive and therapeu-
tic potential. "Green” methods for the synthesis
of nanoparticles with plant extracts are promising
because they are simple, convenient, environmen-
tally friendly and require shorter reaction times.
The synthesizednanoselenium-quercetin biocon-

jugates can modulate the Wnt signalling pathway
in various ways: by reducing the activity of the
protein B-catenin, which is a key regulator of the
Whnt signalling pathway; by increasing the activity
of the protein LRP6, which is a Wnt receptor; by
affecting the expression of genes activated by the
Wnt signalling pathway. This cascade of complex
processes regulates the metabolism of calcium and
phosphorus, which contributes to the prevention
of bone diseases, and can increase the potential of
the agricultural sector to reduce diseases, improve
the safety and productivity of animals and poultry.
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BionanoTrexHoJoriuHi crparerii cuHTe3y KOH’I0-
ratiB KBepUeTHHY 3 HAHOYACTHHKAMH CeJIeHy 3 Me-
TOIO IX HALIITIOBAHHS HA CUTHAJLHUI mLigx Wnt/Ca**
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OpnHUM i3 3aCTOCYBaHb HaHOTEXHOIIOTIH € CHH-
Te3 HaHOYACTMHOK JUIS LiJbOBOi JOCTaBKH JIKIB Ta
npodilakTUKH 3aXBOpIOBaHb. B arpapHoMy cektopi
HAHOTEXHOJIOT1] MAalOTh BENWKI MEPCIEeKTUBH JUIS TO-
KpaIleHHSI 370pOB'S Ta NPOXYKTUBHOCTI TBapuH. Y
CTaTTi PO3MISHYTO NEPEBAru «3EICHOT0» CHHTE3y Ha-
HOYACTHHOK CeJieHy, (YyHKIIOHAI30BaHUX (IIaBOHO-
1I0M KBEPIETHHOM, Ta IX MOTEHI[AT y MPpOodiIaKTHII
3aXBOPIOBaHb KiCTOK y OpoitnepiB. CelleH € BaKIIMBUM
MIKpOEJIEMEHTOM, SKHH Bifirpa€e BUPIMIAIBHY POJIb Y
Ppi3HEX (i3i10JOTIYHHX MPOoIIecax, BKIIIOYAKYH PETyJs-
if0 MeTaboIi3My KiCTKOBOi TKaHUHH. Horo nedimuT
MOXe TPHU3BECTU JI0 3aXBOPIOBAHb KICTOK, TAKUX SIK
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OCTEOIopo3 Ta OCTeoOMaIIAlisA. 3 iHImoro Ooky, Oyio
JIOBEJICHO, 1110 KBEPIETHH, MPUPOIHA POCIHHHA CIIO-
JIyKa, Ma€ YHCIICHHI IepeBaru Jyis 370poB’s, BKIIOYa-
1041 TIPOTH3aIaibHi, aHTHOKCH/IAHTHI Ta IPOTHPAKOB1
BiacTuBOCTI. OnHaK 010JOCTYNHICTH 1 CTAOUIBHICTH
KBEpIETHHY 00OMEKEeHi, 0 POOUTH HOTO TepareBTH-
HUH TIOTEHITa)I CKIQAHUM I BUKopucTaHHsa. [1{o0
MOJ0JIaTH i OOMEKEHHsI, PO3po0IIeHi O10HAHOTEXHO-
JIOTIYHI cTparerii CHHTE3y KOHIOTraTiB KBEPLETHHY 3
HAHOYACTUHKAMHU celieHy. Takui mifxia He TUTBKH Mij-
BHUIIYy€ CTaOIIBHICTH Ta 0IOAOCTYNHICTh KBEPLETHHY,
aje i 103BOJISE IIJIECTIPSIMOBAHO JIOCTABIISATH HOTO 10
MEeBHUX TKaHWH a00 KITHHHUX NUIAXiB. OyHKIIOHA-
nizartiss HaHouacTHHOK CelteHy (IaBOHOIIOM KBepIle-
TUHOM CIpUSI€E BILIMBY HAHOKOH FOTaTy Ha TPaHCKPUII-
uiitai gaxropu Nrf2 ta NF-kB, Wnt kimouoBi nuisixu,
SIK1 PETYIIOIOTh TOHKUI OajlaHC KIITHHHOTO OKHCIIIO-
BaJIbHO-BIJHOBHOTO CTaTyCy Ta peakilii Ha cTpec i 3a-
najeHHs, metabonizm Kamsiito Ta @ocdopy. Y npomy
BUMIAJIKy MILIICHHIO € CUTHAIBbHUI nuisix Wnt - ckia-
HUH KacKaJ IPOIIECiB, 0 OepyTh y4acTh y MeTa00Ii3-
Mi KiCTKOBOT TKaHMHHU. BcTaHOBNEHO, 1110 CHHTE30BaH1
010KOH'ToraTy HaHOCEJIEH-KBEPIIETHH MOJTYIIIOIOTH CUT-
HaNpHUU mUIIX Wnt pisHEME criocobamu. [lo-mepre,
BOHH 3HWKYIOTh aKTUBHICTH OiNKa [-KaTeHiHY, KII090-
BOTO PeryssiTopa CUTHAJILHOTO HUIIXYy Wnt, CIIPHSIOTH
MiATPUMaHHIO OanaHcy Mk (OpMYBaHHSM Ta pe30po-
€10 KICTKOBOi TKAHHWHH, 3aI00Irarouu TakKuM YHHOM
3aXBOpPIOBaHHSM KicToK. Ilo-nmpyre, 1i OiokoH'Torati
MiIBUINYIOTh aKkTHBHiICTE Oinka LRP6, pemenrtopa
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Whnt, 1o mie 6inbIire mocuiroe e(peKTUBHICTh CUTHAD-
HOTO HUIsIXy. Hapemnri, BOHM BIIMBAIOTh Ha €KCIPECito
TeHIB, aKTUBOBAaHUX CUTHAJILHUM LILIIXOM Wnt, TaKUM
YHUHOM PETYIIOYH MeTaboIIi3M KaJblliio Ta Gocdopy,
Ba)KJIMBHX €JIEMEHTIB /ISl 30poB's KicTok. [ToTenmian
X OiOHAHOTEXHOJOTIYHUX CTPATEerid BETUYC3HHIA,
0COOJTMBO B CUTBCHKOTOCIIOAAPCHKOMY CEKTOpi. 3amo-
Oirarour 3aXBOPIOBaHHSM KICTOK Yy OpoiiyiepiB, MOX-
Ha 3HAYHO MIJABHIIMTH IMPOQLIAKTHKY 3aXBOPIOBaHb
Ta NMPOXYKTUBHICTH NTULI. BukopucTanus nociarHeHs
HAHOTEXHOJIOT1H MOJKE CIIyTyBaTH €KOJOTIYHOIO allb-
TEPHATHUBOIO BUKOPHCTAHHS aHTHUOIOTHKIB Ta IHIIUX
(hapMareBTHYHNX NpenapariB, CIPHUSIIOYN 3arajbHo-
MY 3JI0OpOB'IO i OJIaronosy44to TBApuH. TakKUM YUHOM,
«3CJICHUI» CHHTE3 HAHOYACTHHOK CelieHY, (DyHKIIiO-
HaJII30BaHUX KBEPLETHHOM, IPONOHYE MEPCIEKTHBHE
PpIlIEHHS ISt TapreTyBaHHs CUTHAIBHOTO NUIIXY Wnt,
perymoBaHHS MeTabomi3My Kaibliro 1 ¢ocdopy Ta
PO iTAKTHKH 3aXBOPIOBAaHb KiCTOK y Opoiinepis. Llei
010HAHOTEXHOJIOTIYHAN MMiAXiA HE JIHIIE MOKPAILye
CTaOUIBHICTD Ta 010JJOCTYIHICTh KBEPLETHHY, i MOCH-
JIF0€ HOTO TepareBTUYHUMN MOTeHIlian. BukopucToByro-
YM TOTEHIiaJ] HAHOTEXHOJIOTIH B arpapHOMY CEKTOpi,
MH MO>KEMO TTOKPAIIUTH 3I0POB'St TBAPHH, 3HU3UTH Pi-
BEHB 3aXBOPIOBAHOCTI Ta MiABUIINUTH MPOLYKTHBHICTD,
110 B KiHIIEBOMY IiJICYMKY NpPHHECE KOPUCTH SIK TBa-
pHUHAM, TaK 1 JIFOISM.

KuiouoBi cjioBa: 6i0OHaHOTEXHOJIOTIS, «3EIEHUI
cunres, pakrop Nrf2, NF-kB, Wnt, B-karenin, CeneH,
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